The Mycobacterium avium complex includes the closely related species M. avium, M. intracellulare, and M. paratuberculosis. In animals, M. paratuberculosis is undoubtedly the most important member of the M. avium complex as far as economic losses due to reduced production and morbidity are concerned. However, other members of the M. avium complex also cause veterinary problems by infecting a wide range of different mammalian hosts, including pigs, farmed deer, and cattle. Members of the M. avium complex apart from M. paratuberculosis can cause lesions in cattle that are grossly and microscopically indistinguishable from those caused by Mycobacterium bovis. 2 Infection with members of this complex, including M. paratuberculosis, can also cause cattle to respond to bovine tuberculin in a skin test. Evidence from the use of avian tuberculins in comparative skin tests suggests that in some areas, there is a high prevalence of infection in cattle. 7 However, many of these animals do not have visible lesions on necropsy, and it is rare to find generalized infections causing clinical disease by members of the complex other than M. paratuberculosis. 8 The epidemiology of infections in cattle caused by members of the M. avium complex other than M. paratuberculosis has not been well defined. While members of this complex have been isolated not only from birds, but also from a wide range of environmental sites, including soil and water, 5 the source of M. avium complex infections in cattle has rarely been established. 1 The advent of DNA typing methods offers new tools to investigate the epidemiology of infections caused by this group of organisms.
The Mycobacterium avium complex includes the closely related species M. avium, M. intracellulare, and M. paratuberculosis. In animals, M. paratuberculosis is undoubtedly the most important member of the M. avium complex as far as economic losses due to reduced production and morbidity are concerned. However, other members of the M. avium complex also cause veterinary problems by infecting a wide range of different mammalian hosts, including pigs, farmed deer, and cattle. Members of the M. avium complex apart from M. paratuberculosis can cause lesions in cattle that are grossly and microscopically indistinguishable from those caused by Mycobacterium bovis. 2 Infection with members of this complex, including M. paratuberculosis, can also cause cattle to respond to bovine tuberculin in a skin test. Evidence from the use of avian tuberculins in comparative skin tests suggests that in some areas, there is a high prevalence of infection in cattle. 7 However, many of these animals do not have visible lesions on necropsy, and it is rare to find generalized infections causing clinical disease by members of the complex other than M. paratuberculosis. 8 The epidemiology of infections in cattle caused by members of the M. avium complex other than M. paratuberculosis has not been well defined. While members of this complex have been isolated not only from birds, but also from a wide range of environmental sites, including soil and water, 5 the source of M. avium complex infections in cattle has rarely been established. 1 The advent of DNA typing methods offers new tools to investigate the epidemiology of infections caused by this group of organisms.
A compulsory control scheme for bovine tuberculosis has been in effect in New Zealand for over 25 years. 10 This scheme has been very successful in eradicating M. bovis from cattle herds in all areas of the country except where there are reservoirs of infection in wildlife. As part of the control scheme, all animals are carefully examined at slaughter for the presence of lesions resembling bovine tuberculosis. Samples from suspect cases are taken for histologic and bacteriologic confirmation of the macroscopic findings. Bacteriological examinations have shown a low prevalence of tuberculous lesions caused by the M. avium complex (Table 1). Apart from the episode described in this paper, no cattle herds were found in New Zealand in 1994 or 1995 that contained more than 3 animals with lesions caused by the M. avium complex.
In 1992, M. bovis was isolated from 10 animals from a beef herd in the Hawkes Bay region of New Zealand. The The animals in this herd were grazed on pasture throughout 1995, except for a short time when they were fed on oat and pea crops. Large numbers of birds, especially paradise ducks (Tadorna variegata), also fed on the pea crop. In June 1995, the herd was skin-tested for bovine tuberculosis as part of the national disease control program. A total of 418 rising 1-year-old steers, 129 rising 1-year-old heifers, and 14 rising 2-year-old steers were tested for bovine tuberculosis using the intradermal injection of 2 mg/ml M. bovis purified protein derivative (PPD) a into the caudal tail fold. The skin tests were read 72 hours after injection, and a positive reaction was defined as any palpable increase in skin thickness. Positive reactions were observed in 55 rising 1-year-old steers and 2 rising 1-year-old heifers.
All animals that reacted to the skin test were slaughtered and examined postmortem by Ministry of Agriculture inspectors. Caseous lesions typical of those caused by M. bovis were found in 33 of the reactors. With one exception, all the lesions were less than 5 mm in diameter. The exceptional lesion was more than 20 mm in diameter. Thirty animals had lesions in the mesenteric lymph nodes, 1 had a lesion in a bronchial lymph node, 1 had a lesion in the retropharyngeal lymph node, and 1 had lesions in the bronchial and mesenteric lymph nodes. None of the animals had demonstrated any clinical signs of disease. Fresh lesions and tissue fixed in 10% buffered formalin were taken postmortem. On histological examination, the lesions were granulomatous and were indistinguishable from those caused by M. bovis.
Lesions from 32 of the reactors were cultured for mycobacteria, including M. bovis, using previously described techniques. 4 Strains of the M. avium complex were isolated from 28 of the animals. No mycobacteria were isolated from the remaining 4 animals. Furthermore, M. bovis was not isolated from any of the 32 reactors. The identification of M. avium complex was based on slow growth, acid-fast staining, resistance to 10 g/ml isoniazid and 10 g/ml thiophene-2-carboxylic acid hydrazide, a positive 7-day pyrazinamide test, a positive tellurite test, a negative urease test, a negative Tween 80 test, and a finding of less than 45 mm of bubbles in a semiquantitative catalase test. 6 Since 1995, no further cases of tuberculosis due to either M. bovis or members of the M. avium complex have been identified in this herd. All the 1995 M. avium complex isolates were examined by restriction endonuclease analysis with the restriction enzyme BstEII using previously described methods 11 that have been shown to characterize M. avium complex strains into many different restriction types. The isolates, with one exception, had the same restriction pattern. The exceptional isolate had an identical pattern plus an addition of a single restriction fragment line. The predominant banding pattern had previously been observed in a cluster of cases of M. avium infection in a farmed-deer herd in New Zealand. 4 Five of the isolates were also examined using the insertion elements IS901, IS1245, and IS1311 as DNA probes in Southern blot hybridizations. The methods used for these examinations and the details of the results are published elsewhere. 3 Included in the 5 isolates was the strain that exhibited the additional fragment line when the strains were examined by restriction endonuclease analysis. All 5 isolates contained these insertion elements, and each had the same restriction fragment length polymophisms (RFLPs).
This case has similarities to multiple cases of M. avium infections identified in a farmed-deer herd in New Zealand. 4 Not only were the same DNA restriction type and insertion sequence RFLP types 3 observed in both groups of animals, but the majority of the lesions in the cattle and deer were found in the mesenteric lymph nodes. These results suggest that the cattle in this study were all infected from a common source by the oral route. The source of the infection was not determined, but strains with identical RFLP types have also been identified isolated from wild birds. 3 Multiple animals with lesions caused by members of the M. avium complex are rarely observed in cattle herds in New Zealand. This situation does not appear to have been caused by a rare member of the M. avium complex, since strains of the complex with a restriction endonuclease and an insertion sequence RFLP type identical to those found in this outbreak are widely distributed throughout New Zealand. 3 Since this strain type is found in the majority of animals in New Zealand that have lesions caused by members of the M. avium complex other than M. paratuberculosis, it would appear to have the potential to be more virulent than other strains. However, in many cases, the lesions in cattle caused by this strain are probably transient. It appears that following infection, the animals mount an immune response that results in the development of a positive tuberculin skin test and the elimination of the organisms. In most occurrences where there are possible multiple infections caused by the M. avium complex within a herd in New Zealand, caudal fold reactors to bovine tuberculin are retested with a comparative skin test. These animals respond preferentially to the avian tuberculin and will not be subject to compulsory slaughter as reactors under the bovine tuberculosis control program. When a number of animals within a herd respond preferentially to avian tuberculin, they are generally under 2 years of age, as were the animals in this study, and their nonspecific skin test responses disappear with time. These observations support the hypothesis that cattle often develop transient lesions resulting from infection by members of this complex.
This paper is important because it demonstrates that unless an etiological diagnosis is established, some lesions in cattle caused by members of the M. avium complex will be attributed to M. bovis. In addition, it is highly likely that cattle with lesions caused by members of the M. avium complex other than M. paratuberculosis will also show positive responses to immunologic tests for paratuberculosis, because these organisms are closely related genetically. 9
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